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(57) Abstract 

An improved method and application of laser drilling of narrow holes (14) through solid, e.g. metallic, ceramic or 
thermoplastic objects (2, 20), comprises the step of sluicing or flushing the back of said object during the drilling operation 
with a backing fluid under pressure (15, 17), preferably pure water or a pure inert gas. In laser drilling of narrow holes (14) 
through the wall of tubular objects (20), said backing fluid is passed through said tubular object during the drilling opera- 
tion. A particularly advantageous application of the invention is the manufacture of narrow holes (14) through small-di- 
ameter, thin- walled injection needles (20) for medical use, such needles having typically a wall thickness of 0.1 mm, perfo- 
rated by a number of holes (14) of 0.05 mm diameter or less. 
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METHOD AND APPLICATION OF LASER DRILLING 

BACKGROUND OF THE INVENTION 

1 # Field of the invention 

This invention relates to the Method of producing 
narrow holes through an object by the application of la- 
5 ser drilling. The invention relates in particular to the 
perforation of solid objects of e.g. metallic, ceramic 
or thermoplastic materials, more particularly to the per- 
foration of the wall of tubular objects, and most parti- 
cularly to the perforation of the wall of injection need- 

10 les for medical use. 

The invention further relates to objects perfora- 
ted by one or more narrow holes by application of the 
invented method of laser drilling, in particular to per- 
forated injection needles for medical use. Injection 

15 needles of this kind may typically have a stainless 

steel wall of a thickness of 0.1 mm perforated by a num- 
ber of holes of 0.05 am diameter or less. 
2. Background of the Prior Art 

Laser drilling is normally performed by focusing 

20 an intense laser beam on the surface of the object where 
the perforation has to take place. At the same time, a 
gas nozzle may blow an auxiliary drilling gas against 
said surface of the object to remove the molten and/or 
evaporated material. Normally, oxygen is used, but in 

25 cases where an oxidation of the object must be avoided, 
an inert gas, such as argon, may be used. For precision 
drilling of narrow holes through thin-walled objects it 
is normal to use a pulsed laser beam for the focusing of 
a well-defined amount of energy which is just sufficient 

30 to melt and/or evaporate the material struck by the 
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laser beam. The geometry and diameter of the hole can be 
adjusted by adjustments in energy or focusing* During the 
actual drilling of the hole, molten and/or evaporated ma- 
terial is ejected from the hole, first upwards and later 
5 downwards through the hole at the burn- through of the la- 
ser beam. The geometry of the hole may vary from cylin- 
drical to conically convergent or divergent* A small 
flash or burr of molten material is normally formed a- 
long the edge of the hole. 

10 Where high precision and cleanness is required, 

the molten and/ or evaporated spatter material and the 
flash or burr formation are major disadvantages of the 
art. This is more particularly the case in the perfora- 
tion of one wall of injection needles, where the removal 

15 of spatter from the external and internal surfaces neces- 
sitates complicated cleaning operations. The outside burr 
formation must further be reduced in order to reduce the 
pain at the injection of the needle, and in order to re- 
duce damage to a surface coating, if any, e.g. a silico- 

20 ne coating of the needle. A further serious disadvantage 
is the difficulty of avoiding a perforation or contamina- 
tion of the opposite wall of small-diameter thin-walled 
objects . 

SUMMARY OF THE INVENTION 

25 The laser drilling method according to the present 

invention has been evolved with the general object of 
overcoming the disadvantages of the prior art by provid- 
ing significantly improved precision in the geometry of 
the holes, and significantly improved cleanness of the 

30 surfaces of the perforated objects. 

According to the present invention there is provi- 
ded a sluicing or flushing of the back of the object dur- 
ing the drilling operation with a backing fluid under 
pressure, preferably pure water or a pure inert gas. The 

35 pressure of said backing fluid will blow the molten and/ 
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or evaporated spatter material upwards and out through 
the hole at the Moment of beam penetration* When water 
or a similar fluid is used, the instant heating and the 
sudden formation of the added pressure in a local vapour 
5 bubble at the inner surface of the object will greatly 
increase the cleaning effect. At the same time, the for- 
mation of a flash or burr along the edges of the hole 
will be significantly reduced due to the cooling effect 
of the fluid, 

10 The method according to the present invention is 

particularly advantageous in the laser perforation of 
one wall of tubular objects, where the backing fluid pas 
sed through the tube will effectively prevent perfora- 
tion or contamination of the opposite wall of the tubu- 

15 lar object. At the same time, the cooling fluid will sta 
bilize the drilling process as a whole, and make the la- 
ser parameters less sensitive to small variations and ir 
regularities, a fact of great importance in a production 
situation. 

20 The method according to the present invention is 

more particularly advantageous in the perforation of 
thin-walled injection needles for medical use, where the 
internal fluid will carry away any residual spatter or 
other impurities formed inside the needle. 

25 Other objects and advantages will be readily appa 

rent from the following description taken in conjunction 
with the accompanying drawings. 
BRIEF DESCRIPTION OF THE PRAYINGS 

Figure 1 is a schematic presentation of the main 

30 principles of prior art in a first method of laser dril- 
ling of narrow holes through an object; 

Figure 2 is a schematic presentation of the main 
principles of prior art in a second method of laser dril 
ling of narrow holes through am object; 

35 Figure 3 is a schematic presentation of the main 
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principles of prior art in laser drilling of narrov lioles 
through the vail of tubular objects; 

Figure k is a schematic presentation of the main 
principles of the invented method of laser drilling of 
5 narrow holes through an object; and 

Figure 5 is a schematic presentation of the main 
principles of the invented method of laser drilling of 
narrow holes through one wall of a tubular object. 
DETAILED DESCRIPTION OF THE INVENTED METHODS 
10 Figure 1 shows schematically the main principles 

of prior art in a first method of laser drilling of nar- 
row holes 1 through a solid object 2. The object 2 may be 
of any solid material, e.g. metallic, ceramic or thermo- 
plastic. An intense laser beam 3 is focused by an optical 
15 lens k on or slightly below the surface of the object 2 
where the perforation has to take place. At the same time 
an excentric gas nozzle 5 blows an auxiliary drilling gas 
6 against the surface of the object to remove the molten 
and/or evaporated material. Normally, oxygen is used, but 
20 in cases where an oxidation of the object must be avoided 
an inert cover gas, such as argon, may be used. 

Figure 2 shows schematically the main principles 
of a second method of laser drilling, where a concentric 
nozzle 7 blows an auxiliary drilling gas 8 against the 
25 surface of the object 2. 

Figure 3 shows schematically the main principles 
of prior art in laser drilling of narrow holes through 
the irradiated wall 9 of a tubular object 20. 

For precision drilling of narrow holes it is nor- 
30 mal to use a pulsed laser beam 3 for the focusing of a 
well-defined amount of energy which is just sufficient 
to melt and/or evaporate the material struck by the la- 
ser beam 3» The geometry and diameter of the hole 1 can 
be adjusted by adjustments in energy or focusing. During 
35 the actual drilling of the hole, molten and/or evaporated 
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spatter material is ejected from the hole 1 , first up- 
wards 10 and later downwards 1 1 through the hole at the 
burn- through of the laser beam* The geometry of the hole 
may vary from cylindrical to conically convergent or di- 
5 vergent • A small flash or burr 12 is normally formed a- 
long the edges of the hole* A major disadvantage of prior 
art is the formation of spatter material 11 inside the 
tubular object 20, and the difficulty of avoiding a con- 
tamination 11 or perforation 13 of the opposite wall of 

10 small-diameter tubular objects 20 such as thin-walled in- 
jection needles* 

Figure h shows schematically the main principles 
of the invented method of laser drilling of narrow holes 
ik through a solid object 2. According to the invention 

15 there is provided a sluicing or flushing of the back of 
the object during the drilling operation with a backing 
fluid under pressure 15, preferably pure water or a pure 
inert gas from a nozzle 16. The pressure of said backing 
fluid 15 will blow the molten and/or evaporated material 

20 upwards and out through the hole l4 at the moment of beam- 
penetration* 

Figure 5 shows schematically the main principles 
of the invented method of laser drilling of narrow holes 
through the irradiated wall 9 of a tubular object 20. 

25 According to the invention there is provided a sluicing 
or flushing of the inside of the tube wall 9 during 
the drilling operation with a backing fluid under pres- 
sure 17, preferably pure water or a pure inert gas which 
is passed through the tubular object 20. The backing 

30 fluid 17 will blow the molten and/or evaporated material 
18 out through the hole at the moment of beam penetra- 
tion* Vhen water or a similar fluid is used, the instant 
heating and the sudden formation of added pressure in a 
local vapour bubble 19 at the inner surface of the object 

35 will greatly increase the cleaning effect. At the same 
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time, tlie backing fluid will effectively prevent the con- 
tamination 11 or perforation 13 of the opposite wall or 
small-diameter objects 20 such as thin-walled injection 
needles. The formation of a flash or burr 12 along the 
5 edges of the hole will be significantly reduced due to 
the cooling effect of the backing fluid 17, the internal 
cooling fluid 17 will stabilize the drilling process as 
a whole, and the internal fluid 17 will carry away any 
residual material spatter or other impurities formed in- 

10 side the needle, 

I* will be readily apparent that the invented me- 
thod illustrated in figures 4 and 5 may or may not be 
supplemented by a prior art external cover gas 6 or 8 as 
illustrated in figures 1 and 2, 

1 5 It will be understood that several modifications 

and variations of the described method may be effected 
without departing from the spirit and scope of the novel 
concepts of the present invention. 
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PATENT CLAIMS 

1 . An improved method of laser drilling of narrow 
holes (l4) through an object (2, 20) , comprising the step 
of sluicing the back of said object during the drilling 

5 operation with a backing fluid under pressure (15, 17). 

2. The method of claim 1 for laser drilling of 
narrow holes (14) through the wall of a tubular object 
(20) wherein said backing fluid (17) is passed through 
said tubular object (20) during the drilling operation. 

10 3. The method of claim 2 wherein said tubular ob- 

ject (20) is an injection needle for medical use. 

4. The methods of claims 1, 2 or 3 wherein said 
backing fluid (15, 17) is pure water or a pure inert gas. 

5. An object (2, 20 ) perforated by one or more 
15 holes (14), said holes having been drilled by applica- 
tion of the methods of claims 1 or k . 

6. A tubular object (20) perforated by one or more 
narrow holes (ik) , said holes having been drilled by ap- 
plication of the methods of claims 2 or 4 . 

20 7. An injection needle for medical use perfora- 

ted by one or more narrow holes (14), said holes having 
been drilled by application of the methods of claims 3 
or 4. 
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